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Docket No.: M4065.0920/P920 

MEMORY ARCHITECTURE AND METHOD OF MANUFACTURE AND 

OPERATION THEREOF 

FIELD OF THE INVENTION 

[0001] The invention relates to the field of electronic device structures, and 
in particular to an improved memory device architecture, and its method of 
manufacture and operation. 

BACKGROUND OF THE INVENTION 

[0002] Desirable characteristics of a memory device include high storage 
density, low power consumption (during all modes of operation including reading, 
writing, and erasure), non-volatility (i.e., persistence of data without applied power), 
high long-term data integrity, rapid writing and erasure of data, and rapid addressing 
and reading of stored data. A variety of existing memory devices exhibit these 
characteristics in various respective measures. Devices are typically chosen for a 
particular application based on the requirements of the application. For example, 
where long-term data storage is required in a portable device (i.e., a device supplied by 
battery power), a non-volatile memory may be chosen. 

[0003] Most non-volatile memories are relatively slow, as compared with 
volatile memories. Consequently, when rapid data storage and retrieval is required 
volatile memories may be applied. In some systems requiring both long-term data 
storage and rapid data transfer in a portable device, combinations of volatile and non- 
volatile memories are necessary. Such combinations tend to increase price, size, and 
power consumption of the target system. 

[0004] Recently, variable resistance memory devices have been investigated 
as a way of providing a semi-volatile or non-volatile memory device. A non-volatile 

memory device requires no refreshing operations to maintain status, while a semi- 
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volatile memory device requires refreshing, but at intervals that are much longer than 
the refresh intervals typically used for Dynamic Random Access Memory (DRAM) 
devices. For example, a semi- volatile memory device may need to have its memory 
elements refreshed every few minutes, hours or even days. Chalcogenide materials 
having the formula GexSeioo-x may be formed into semi-volatile resistance variable 
memory elements. 

[0005] Memory elements based on GexSeioo-x backbone material are disclosed 
in U.S. application nos. 09/941,544, filed on August 30, 2001 and 10/225,190, filed on 
August 22, 2002, assigned to Micron Technology, Inc., the disclosures of which are 
incorporated herein by reference. Such memory elements are also known as 
programmable conductive random access memory (PCRAM) elements. 

[0006] Generally, a programmable conductive memory element includes an 
initially insulating dielectric material formed of a chalcogenide glass, e.g., GexSeioo-x, 
disposed between two electrodes. A conductive material, such as silver, is incorporated 
into the dielectric material. The resistance of the dielectric material can be changed 
between high resistance and low resistance states. The memory is normally initially in 
a high resistance state. A write operation to a low resistance state is performed by 
applying an electrical potential across the two electrodes. 

[0007] When set in a low resistance state, the state of the memory element 
will remain intact for minutes or longer after the electrical potentials is removed. The 
elements can be returned to their high resistance state by applying a different electrical 
potential between the electrodes than the potential used to write the element to the low 
resistance state. Again, the highly resistive state is maintained once the electrical 
potential is removed. Thus, the PCRAM element can function, for example, as a 
resistance variable memory element having two resistance states, which can be used to 
define two logic states. 
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[0008] As with any memory device, the areal storage density of the device 
using programmable conductive memory elements affects device cost, system size, 
power consumption, operating speed, and other factors. Accordingly it is desirable to 
produce a memory device employing such memory elements having a high areal data 
storage density. 

BRIEF SUMMARY OF THE INVENTION 

[0009] Various exemplary embodiments of the invention are directed to a 
memory architecture, and its method of formation and operation, containing a high 
density memory array of semi-volatile or non-volatile memory elements, including, but 
not limited to, programmable conductive random access memory elements. The 
architecture in one exemplary embodiment has a pair of semi- volatile or non-volatile 
memory elements that selectively share a bit line through respective first electrodes and 
access transistors controlled by respective word lines. The memory elements each have 
a respective second electrode coupled thereto which, in cooperation with the bit line 
access transistors and first electrode, serves to apply read, write and erase signals to the 
memory element. 

[0010] The bit lines are divided into two interleaved groups that access the 
memory array with the word lines being arranged below and orthogonal to the bit lines. 
Each pair of memory elements is positioned at a level of the device above respective 
access transistors and associated word lines, and above the level of interleaved bit lines 
in a top down spatial area defined by adjacent electrodes and adjacent bit lines. 

[0011] The first and second electrodes for the memory elements are arranged 
two per level along the bit lines. The second electrodes also run orthogonal to the bit 
lines. One exemplary embodiment of the memory element comprises a chalcogenide 
backbone layer of GexSeioo-x, where x is 40 in contact with a layer of Ag2Se with the 
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second electrode being in electrical communication with the layer of Ag2Se and the first 
electrode being in electrical communication with the chalcogenide backbone layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features of the various embodiments of the invention 
will be more clearly indicated from the following detailed description which is 
provided in conjunction with the following drawings, in which: 

[0013] FIG. 1 is a schematic representation of a dual memory architecture 
according to an exemplary embodiment of the invention; 

[0014] FIG. 2 is a portion of a memory array utilizing the dual memory 
architecture of FIG. 1; 

[0015] FIG. 3 is a cross-sectional view of an electronic memory cell in 
accordance with an exemplary embodiment of the invention; 

[0016] FIG. 4 is a flowchart showing an exemplary method of programming 
the memory cell of FIG. 3; 

[0017] FIG. 5 is a flowchart showing an exemplary method of reading the 
memory cell of FIG. 3; 

[0018] FIG. 6 is a flowchart showing an exemplary method of erasing the 
memory cell of FIG. 3; 

[0019] FIGS. 7 A and 7B are flowcharts showing an exemplary method of 
manufacturing the memory cell of FIG. 3; 

[0020] FIGS. 8-11 are diagrams showing the memory cell of FIG. 3 in various 
intermediate stages of fabrication in accordance with an embodiment of the invention; 
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[0021] FIG. 12 is a diagram showing an electronic memory device in block 
diagram form according to one aspect of the invention; and 

[0022] FIG. 13 is a block diagram showing an electronic system in block 
diagram form according to one aspect of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In the following detailed description, reference is made to various 
exemplary structural and process embodiments of the invention. These embodiments 
are described with sufficient detail to enable those skilled in the art to practice the 
invention. It is to be understood that other embodiments may be employed, and that 
various structural, logical and electrical changes may be made without departing from 
the spirit or scope of the invention. 

[0024] The term "substrate" used in the following description may include 
any supporting structure including, but not limited to a semiconductor substrate that 
has an exposed substrate surface. Semiconductor substrates should be understood to 
include silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS), doped and 
undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor 
foundation, and other semiconductor structures. When reference is made to a substrate 
or wafer in the following description, previous process steps may have been utilized to 
form regions or junctions in or over the base semiconductor or foundation. 

[0025] The term "silver" is intended to include not only elemental silver, but 
silver with other trace metals or in various alloyed combinations with other metals as 
known in the semiconductor industry, as long as such silver alloy is conductive, and as 
long as the physical and electrical properties of the silver remain unchanged. 
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[0026] The term "silver-selenide" is intended to include various species of 
silver-selenide, including some species which have a slight excess or deficit of silver, for 
instance, Ag2Se, Ag2+xSe, and Ag2-xSe. 

[0027] The term "resistance variable memory element" is intended to 
include any memory element which exhibits a resistance change in response to an 
applied voltage. Exemplary resistance variable memory elements include, but are not 
limited to, programmable conductive random access memory devices (PCRAM). 

[0028] The present invention relates to a memory device containing one or 
more arrays of resistance variable memory elements and to processes for forming and 
operating the same. The invention is now explained with reference to FIGS. 1-13, which 
illustrate exemplary embodiments of the invention. 

[0029] FIG. 1 shows a schematic representation of a dual memory cell 10 
architecture according to one exemplary embodiment of the invention. Three electrodes 
12, 14, 16 are disposed in spaced relation to one another. That is, a central electrode 14 
is disposed between a first electrode 12 and a second electrode 16. A resistance variable 
material 22 is disposed between the first electrode 12 and the central electrode 14 
forming a first memory element 2. A resistance variable material 24 is disposed 
between the second electrode 16 and the central electrode 14 forming a second memory 
element 4. The first memory element 2 changes its physical characteristics in response 
to, for example, an electrical potential applied between the first electrode 12 and the 
central electrode 14. Likewise, the second memory element 4 changes its physical 
characteristics in response to, for example, an electrical potential applied between the 
second electrode 16 and the central electrode 14. 

[0030] A bit line 30 is disposed in spaced relation below the central electrode 
14. The bit line 30 conveys to the memory cell 10 a voltage that may be switchingly 
applied to the first and the second electrodes 12, 16. A first access transistor 32 has a 
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drain coupled to the bit line 30 and a source coupled to the first electrode 12. A second 
access transistor 34 has a drain coupled to the bit line 30 and a source coupled to the 
second electrode 16. According to one aspect of the invention, the transistors 32, 34 are 
disposed beneath the bit line 30, and beneath the electrodes 12, 14, 16. The first and 
second transistors 32, 34 each have a gate adapted to control the conductivity of the 
respective transistor. 

[0031] In one embodiment of the invention, as shown in FIG. 2, a plurality of 
dual memory cells 10 are disposed in proximity to one another in, for example, a two- 
dimensional array of rows A, B and columns C, D. The bit line 30 is coupled to 
respective drains of the transistors 32, 34 of each cell 10 along a first dimension 40 of the 
array. The central electrodes 14 of each cell 10 are mutually coupled along the same 
first dimension 40 of the array by an electrode line 42. The gates of the first and second 
transistors 32, 34 are mutually coupled along a second dimension 50 of the array. 

[0032] FIG. 3 shows a portion of an integrated circuit memory device 100 
according to an exemplary embodiment of the invention. A single cell of the memory 
integrated circuit device 100 is shown at 110. In one embodiment, the single cell 110 is 
one-half of a dual cell 10 as described in relation to FIG. 1. The memory cell 110 is 
formed over a semiconductor substrate 102. The memory cell 110 includes a region of 
insulating material 112 disposed between a first electrode structure 114 and a second 
electrode 116. The first electrode structure 114 includes a bottom electrode 118, a metal- 
containing region 120, and a top electrode 122. 

[0033] Each cell 110 includes a memory element formed by a chalcogenide 
layer 124, e.g., a Ge4oSe6o glass, adjacent to and in contact with a layer 120 of silver 
selenide Ag2Se, the second electrode 116 in contact with a lower surface of the 
chalcogenide layer 124, the top electrode 122 in contact with an upper surface of the 
silver selenide layer 120, and the bottom electrode 118 in contact with a lower surface of 
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silver selenide layer 120. The second and bottom electrodes 116, 118 are formed in 
trenches provided in an insulating layer 112. 

[0034] Chalcogenide layer 124 is a top blanket layer for multiple memory 
cells (not shown). The silver selenide layer 120, top electrode 122 and bottom electrode 
118 are formed as individual structures. The top electrode 122, silver selenide layer 120 
and bottom electrode 118 are commonly shared by two memory elements defined 
between common top electrode 122, common silver selenide layer 120 and each of two 
different regions 126 of chalcogenide layer 124 between the silver selenide layer 120 and 
respective second electrodes 116 and 116. 

[0035] According to one aspect of the invention, the bottom electrode 118 and 
top electrode 122 include polycrystalline silicon (poly silicon). According to one aspect 
of the invention, the metal-containing region 120 includes silver. The region of 
insulating material 112 allows the first electrode structure 114 and second electrode 116 
to be maintained at differing electrical potentials when the memory cell is in a first state. 

[0036] The layer of chalcogenic material 124 is disposed over the insulating 
material 112 including a region 126 between the first electrode structure 114 and second 
electrode 116. A region of variable-resistance material may be formed in region 126, 
depending upon various factors including an applied electrical potential between the 
first electrode structure 114 and the second electrode 116. Other factors in formation of 
the variable resistance material may include temperature. Formation of the variable- 
resistance material in region 126 may significantly alter a measurable resistance (and/or 
capacitance) between the first electrode structure 114 and second electrode 116. 

[0037] The second electrode 116 is switchingly electrically coupled to a bit 
line 130 by a conductive plug 132, conductor 127, transistor 134 and conductor 128. The 
transistor 134 includes a source region 136, drain region 138 and a gate stack 140. The 
gate stack 140 includes insulating side regions 142 and one or more layers of conductive 
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material 144. A word line 146 is electrically coupled to the gate stack 140 and controls 
the electrical conductivity of a channel region 148 below the gate stack 140. A layer of 
gate insulating material 141 separates the conductive material 144 from the channel 
region 148. The bit line 130 is spatially and electrically separated from the first 
electrode structure 114, second electrode 116, conductive plug 132 and the drain region 
138 by one or more regions of insulating material 142, 150, 152, 154, 156 and 158. 

[0038] As is discussed below, the voltage applied between the first electrode 
structure 114 and second electrode 116, for purposes of reading, writing, and erasing 
the cell 110, is controllable by applying appropriate electrical potentials to the first 
electrode structure 114, the bit line 130, and the word line 144. FIG. 3 shows additional 
features that are discussed below in more detail. These features include a trench 182 
and vias 186, 188. 

[0039] A plurality of memory cells arranged along the lines of memory cell 
110, described above, may be advantageously formed on a single semiconductor 
substrate to form a memory integrated circuit device 100. Such a memory integrated 
circuit device provides a relatively high areal storage density due, at least in part, to the 
spatial arrangement of memory cell 110. 

[0040] FIG. 4 shows a method 200 of writing to a cell 110 according to one 
aspect of the invention. In step 202, the bit line 130 is grounded. In step 204, the first 
electrode structure 114 is elevated to a potential of at least a write threshold voltage. 
The write threshold voltage is defined to be the voltage required to modify the 
conductivity of the chalcogenic region 126 plus at least the threshold voltage (Vth) of 
the access transistor 134. In step 206, the potential of the word line 146 is elevated to a 
write threshold voltage. Elevation of the word line voltage to the write threshold 
voltage activates the access transistor 134, causing channel region 148 to become 
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conductive. In step 208, the conductors of a cell adjacent to the instant cell 110 are 
allowed to float. Accordingly, adjacent electrodes and bit lines are floated. 

[0041] The consequence of the foregoing steps is that the grounded bit line 
130 is switchingly coupled through conductor 128, transistor 134, conductor 127 and 
conductive polysilicon plug 132 to the second electrode 116, thereby grounding 
electrode 116. At the same time the first electrode structure 114 is raised to a potential 
of the write threshold voltage. A voltage differential equal to the write threshold 
voltage (less Vth of transistor 134), and associated electric field, therefore exists between 
the first electrode structure 114 and the second electrode 116. 

[0042] This electric field acts upon the chalcogenic material in region 126. As 
a result, in step 210, the material in region 126 experiences a change in physical 
properties. For example, the conductivity and/or capacitance of chalcogenic material 
124 may be changed. In one embodiment of the invention, this change in physical 
properties is an increase in conductivity (or decrease in resistance). Depending on a 
particular sensing scheme applied, such a change in conductivity may subsequently be 
sensed as a change in a measured voltage across, or current between, the first electrode 
structure 114 and second electrode 116. 

[0043] FIG. 5 shows a method 300 of reading a memory cell 110 according to 
one aspect of the invention. In step 302, the bit line 130 is coupled to a sensing circuit. 
In one embodiment, the sensing circuit provides a path switchingly coupling the bit line 
130 to ground. In step 304, the word line 146 is coupled to a sub-write threshold 
voltage. The sub-write threshold voltage is a voltage less than the write threshold 
voltage i.e., a voltage above the threshold voltage Vth of transistor 134, but low enough 
so that it (or its resulting electric field) does not cause a substantial change in the 
conductivity of the chalcogenic material in region 126. Consequently, transistor 134 is 
activated and gate channel region 148 becomes conductive. In step 306 the first 
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electrode structure 114 is elevated to the sub-write threshold voltage. At step 308, 
adjacent electrodes and bit lines are allowed to float. At step 310, the state of bit line 130 
is sensed using the sensing circuit. 

[0044] If the chalcogenic region 126 is in a relatively highly conductive state, 
a relatively large current will flow from the first electrode structure 114 through region 
126 through the second electrode 116, polysilicon plug 132, conductor 127, transistor 
134, and conductor 128 to the bit line 130. The bit line 130 will conduct this current to 
the sensing circuit, which will detect the relatively high conductivity of the chalcogenic 
region 126 as a first logical state of the cell 110. If, conversely, the chalcogenic region 
126 is non-conductive or relatively highly resistive, the current through the above- 
described path will be relatively small. This relatively small current will also be 
detected by the sensing circuit as a second logical state of the cell 110. 

[0045] FIG. 6 shows a method 400 of erasing cell 110 in accordance with an 
embodiment of the invention. In one embodiment, these steps correspond to the cell- 
writing steps of FIG. 4, except that the electrical polarity across region 126 is reversed. 
Accordingly, in step 402 the first electrode structure 114 is grounded. In step 404, the 
potential of the bit line 130 is elevated to write threshold voltage. In step 406, the 
potential of the word line 146 is elevated to write threshold voltage, activating the 
access transistor 134 and causing transistor gate region 148 to become conductive. In 
step 408, the conductors of adjacent cells, including adjacent electrodes and bit lines are 
allowed to float. In step 410, the conductivity through the chalcogenic material in 
region 126 experiences a change in conductivity. For example, the chalcogenic material 
may become less conductive, corresponding to erasure of the cell and an associated 
change in logical state. It should be noted that the physical property that changes in 
region 126 may be a property other than conductivity, depending on the particular 
embodiment of the invention; that is, the property may be optical reflectivity, optical 

transparency /translucency, magnetic permittivity or, electrical capacitance. 
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[0046] In one aspect of the invention, a semiconductor integrated circuit is 
formed including many memory cells 110 arranged in an array. FIGS. 7A-7B show a 
method 500 of forming the semiconductor integrated circuit according to one 
embodiment of the invention. The steps of FIGS. 7A-7B are also described with respect 
to in-process top views of an exemplary memory integrated circuit device 100, as shown 
in FIGS. 8-11. 

[0047] Referring to FIG. 7 A, in step 502, a doped semiconductor substrate is 
provided. As discussed above, this substrate may be any conventional substrate. 
However, the inventor anticipates that the present invention may be applied with 
future substrates not yet known in the art. In step 504, an insulating layer is formed on 
an upper surface of the substrate. For example, the upper surface of the substrate may 
be oxidized to form gate oxide 141. In step 506 the oxide and substrate are masked and 
etched, or oxidized, to form isolation regions 602 (as shown in FIG. 8) and active areas 
604. In step 508, conductive gate stack layers 144 are deposited above the gate oxide 
layer 141. In step 510, a mask is applied and excess gate stack layer material is removed 
to define gate regions. In step 512 a layer of conductive material (for word lines 146) is 
deposited, topped by a layer of insulating material 158. In step 514, a mask layer is 
applied above the conductive material and insulating material, and an etchant is 
applied to remove excess material and define word lines 146, topped by insulating 
material 158, thereby completing the conductive portion of the gate stack 140. In step 
516 an insulating field layer 142, 156 is deposited over the gate stacks 140. 

[0048] In step 518 vias 186 (shown in FIG. 9) are etched into the insulating 

field layer 142, 156 exposing source 136 and drain 138 regions in the active areas 604 

(FIG. 8). In step 520, metal is deposited into the vias 186 to form conductors 127, 128. In 

step 522, chemical mechanical planarization (CMP) is performed to yield a substantially 

flat surface 180. In step 524, insulating material 152, 154 is deposited in a layer above 

the surface 180. In step 526, in a Damascene process, trenches 182 (as seen in FIG. 3) are 
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etched in the insulating material 152, 154. Metal for the bit lines 130 is deposited within 
the trenches 182. The trenches 182 are etched and bit lines 130 are deposited in contact 
with conductors 128. In step 528, CMP is performed to complete bit line formation. The 
CMP process produces surface 189. An exemplary top view of the resulting bit lines is 
shown in FIG. 10. Note that, according to the embodiment of the invention shown in 
FIG. 10, a single bit line 130 services two adjacent cells (at 802, 804) at one conductor 128 
within a single active area 604. Sequential conductors 128 (at 806, 808), however, are 
serviced by other bit lines (at 810, 812). 

[0049] Referring FIG. 7B, in step 530, a layer of insulating material 150 is 
deposited over the surface 189. In one exemplary embodiment, insulating material 150 
includes borophosphosilicate glass (BPSG). In step 532, vias 188 are etched through the 
insulating material 150, 152, 154 to expose the tops of conductors 127. Conductive 
material, such as poly silicon, is deposited within the vias 188 to form conductive plugs 
132. 

[0050] In step 534 CMP is performed to remove excess conductive material 
and form surface 190 (FIG. 11). In step 536 a layer of insulating material 112 is 
deposited over surface 190. In step 538, a mask is applied over this insulating material 
112, and the insulating material 112 is patterned by etching or equivalent techniques. In 
step 540, conductive material is deposited and CMP is performed to form electrodes 
118. Thereafter, in step 542 conductive layers 128, 122 are deposited, masked and 
etched, to complete the first electrode structure 114 according to the illustrated 
embodiment of the invention. 

[0051] FIG. 11 shows a top view of a portion of an array of memory cells 830 
at this stage in the process. The first electrode structure 114 is disposed between 
adjacent electrodes 116, 164. Word lines 146 and access transistors 134 are also 
illustrated. 
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[0052] Referring again to FIG. 7B, in step 544 a layer of chalcogenic material 
124 is deposited over the electrodes, insulating layer and the first electrode structures. 
Additional processing, such as passivation and the application of encapsulating layers 
may be performed, as would be understood by one of skill in the art. 

[0053] FIG. 12 illustrates an electronic memory device in block diagram form 
according to one aspect of the invention. Access transistors 134 are disposed on a 
substrate 102. The transistors 134 each include a respective drain 136. The drains 136 
are mutually coupled to a bit line 130. The bit line 130 is activated by a bit line decoder 
842. The transistors 134 also include a respective source 138. Each source 138 is 
coupled to a respective electrode 116. Each transistor 134 also include a respective gate 
144 coupled to a respective word line 146. The word lines 146 are selectively activated 
by a word line decoder 844. A first electrode structure 114 is disposed between, and in 
spaced relation to, the second electrodes 116. The first electrode structure 114 is 
activated by an electrode decoder 846. Between the first electrode structure 114 and 
each second electrode 116 is disposed variable resistance material (not shown). 

[0054] FIG. 13 illustrates an exemplary processing system 900 that utilizes a 
resistance variable memory random access device 840 containing an array 830 of 
resistance variable memory cells 100 constructed as described above with reference to 
FIGS 1-12. The processing system 900 includes one or more processors 901 coupled to a 
local bus 904. A memory controller 902 and a primary bus bridge 903 are also coupled 
the local bus 904. The processing system 900 may include multiple memory controllers 
902 and/or multiple primary bus bridges 903. The memory controller 902 and the 
primary bus bridge 903 may be integrated as a single device 906. 

[0055] The memory controller 902 is also coupled to one or more memory 
buses 907. Each memory bus accepts memory components 908, which include at least 
one memory device 840 of the invention. Alternatively, in a simplified system, the 
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memory controller 902 may be omitted and the memory components directly coupled 
to one or more processors 901. The memory components 908 may be a memory card or 
a memory module. The memory components 908 may include one or more additional 
devices 909. For example, the additional device 909 might be a configuration memory. 
The memory controller 902 may also be coupled to a cache memory 905. The cache 
memory 905 may be the only cache memory in the processing system. Alternatively, 
other devices, for example, processors 901 may also include cache memories, which 
may form a cache hierarchy with cache memory 905. If the processing system 900 
include peripherals or controllers which are bus masters or which support direct 
memory access (DMA), the memory controller 902 may implement a cache coherency 
protocol. If the memory controller 902 is coupled to a plurality of memory buses 907, 
each memory bus 907 may be operated in parallel, or different address ranges may be 
mapped to different memory buses 907. 

[0056] The primary bus bridge 903 is coupled to at least one peripheral bus 
910. Various devices, such as peripherals or additional bus bridges may be coupled to 
the peripheral bus 910. These devices may include a storage controller 911, an 
miscellaneous I/O device 914, a secondary bus bridge 915, a multimedia processor 918, 
and an legacy device interface 920. The primary bus bridge 903 may also coupled to 
one or more special purpose high speed ports 922. In a personal computer, for example, 
the special purpose port might be the Accelerated Graphics Port (AGP), used to couple 
a high performance video card to the processing system 900. 

[0057] The storage controller 911 couples one or more storage devices 913, 

via a storage bus 912, to the peripheral bus 910. For example, the storage controller 911 

may be a SCSI controller and storage devices 913 may be SCSI discs. The I/O device 914 

may be any sort of peripheral. For example, the I/O device 914 may be an local area 

network interface, such as an Ethernet card. The secondary bus bridge may be used to 

interface additional devices via another bus to the processing system. For example, the 
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secondary bus bridge may be an universal serial port (USB) controller used to couple 
USB devices 917 via to the processing system 900. The multimedia processor 918 may 
be a sound card, a video capture card, or any other type of media interface, which may 
also be coupled to one additional devices such as speakers 919. The legacy device 
interface 920 is used to couple legacy devices, for example, older styled keyboards and 
mice, to the processing system 900. 

[0058] The processing system 900 illustrated in FIG. 13 is only an exemplary 
processing system with which the invention may be used. While FIG. 13 illustrates a 
processing architecture especially suitable for a general purpose computer, such as a 
personal computer or a workstation, it should be recognized that well known 
modifications can be made to configure the processing system 900 to become more 
suitable for use in a variety of applications. For example, many electronic devices 
which require processing may be implemented using a simpler architecture which relies 
on a CPU 901 coupled to memory components 908 and/or memory elements 100. These 
electronic devices may include, but are not limited to audio/video processors and 
recorders, gaming consoles, digital television sets, wired or wireless telephones, 
navigation devices (including system based on the global positioning system (GPS) 
and/or inertial navigation), and digital cameras and/or recorders. The modifications 
may include, for example, elimination of unnecessary components, addition of 
specialized devices or circuits, and/or integration of a plurality of devices. 

[0059] The description and drawings presented above illustrate only a few of 
the many embodiments which achieve the features and advantages of the present 
invention. Modification and substitutions to specific process conditions and structures 
can be made without departing from the spirit and scope of the present invention. 
Accordingly, the invention is not to be considered as being limited by the foregoing 
description and drawings, but is only limited by the scope of the appended claims. 
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